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PREFACE

Although there is a significant amount of reference material available for the computer
models used by Air Force weather forecasters, there is no single reference to all the models.
This technical note provides that reference by listing, describing, and comparing the computer
models used by AFGWC and NMC.

Because of the complexity of atmospheric processes, numerical analysis and forecast models
use approximations based on theoretical knowledge, operational considerations, and
available computer power. The strengths and weaknesses of the various models depend on
the type of model and the extent of the approximations that are used. Weather forecasters
should understand these strengths and weaknesses, which for most models are by now well
documented.

This technical note provides Air Force forecasters and others with basic descriptions of the
most widely used analysis and forecast models. It is more of an operational guide than a
comprehensive models texthook. We have not included the mathematical equations around
which the models are built, but have tried to provide answers to such questions as, "What
is a model?", "How do models work?", "What are the strengths and weaknesses of the models
used?", and "Which ones apply to me?".

Interested readers should also see the fcllowing: AFGWC/B7-001, AFGWC Cloud Forecast
Models; AFGWC/B8-001, The AFGWC Automated Real-Time Cloud Analysis Model,
AWS/B6-001, AFGWC's Advanced Weather Analysis and Prediction System (AWAPS); and
AFGW(C/79-004, The AFGWC Automated Analysis/Forecast Model System.

The author wishes to thank the following for their help: Major Steven Sycuro, Capts David
Knapp and Michael Fontaine, and Mr Jay Albrecht.
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Chapter 1

WHAT IS A COMPUTER MODEL?

1.1 The Model Explained. An
atmospheric computer model is a set of
mathematical equations that describe the
movement of the atmosphere and present a
graphic view of current and forecast
atmospheric conditions. The first successful
run of such a model took place in 1950 at
Princeton University, where it took 24 hours
to make a 24-hour forecast. Model forecasts
are not perfect for the following reasons:

& We have an incomplete understanding of
the atmosphere.

® Scientists have not been able to describe
all atmospheric processes mathematically.

¢ The mathematical equations that
describe stmospheric motions do not provide
exact solutions; they must be approximated.

® Observations are
scattered; in some areas, they are
nonexistent. Because information for
data-sparse areas must be interpolated from
surrounding gridpoints, there can be errors
in gridpoint data.

geographically

e Computer memory size and central
processing unit (CPU) speed are limited.
As a result, only a limited range of
atmospheric features can be predicted. The
smallest feature the Air Weather Service
Primitive Equation (AWSPE) meodel (no
longer in use) could forecast with its 381-km
grid mesh was 1,524 sq km, or an area
about the size of the Midwest.

1.2 Improving the Model. Computer
models can be improved, but to do so is
expensive and  time-consuming. For
example, while forecast accuracy can be
improved 10-15% by halving the grid space,
it would take four times as long to run such
a model on the same computer. The time
step (the time it takes for the fastest model
wave to move from one gridpoint to another)
would have to be halved, increasing the
CPU requirement by a factor of two. The
combined result would be an increase by a
factor of eight; that is, if the AFGWC Global
Spectral Model (GSM) took 20 minutes to
run normally, it would take 160 minutes to
run at two times the resolution on the same
computer. This alone makes increasing the
grid resolution by two an ineffective way to
increase forecast skill.

1.3 Problems. The major problems with
numerical weather prediction are:

1.3.1 Physics (about 30%). Physics problems
stem from our lack of a complete
understanding of the atmosphere and the
resultant need to approximate some
processes because computer size and speed
are limited. For example, turbulence and
friction are parameterized, meaning that the
calculation of subgrid scale processes (those
processes that are too small to be detected
on the grid) are approximated on a grid-
scale basis.

1.3.2 Initial conditions (about 25%) are the
most  difficult to correct. They are
problematic because:




& Weather observing stations are located
st random, rather than at the exact
gridpoints of the model. Observations are
concentrated in some areas, such as the
United States and Europe, and sparse in
others, such as Asis.

& Weather observations often contain
errors.

& Weather observations are often
inconsistent, partly because of the methods
used to collect the data and partly because
of ealculation errors (for example, RAOB
and satellite temperatures for the same
point may be different).

13.3 Resolution (about 40%). In a grid
model, the smallest wave that can be seen
or resolved horizontslly is fwo grid lengths;
that is, if the grid space were 200 km, the
smallest resoivable wave would be 400 km
long.

Aliasing. During the forecast process, false
waves that are four or less grid lengths long
are created by the mathematical terms
within the model. These false waves, if not
removed, will cause the model to become
unstable.

Time Step. The time step in a model must
be smaller than a certain value or the model
will become unstable and produce
measaningless results.

Phase Speed. Gridpointa in most numerical
models are fixed, both horizontally and
vertically. Because of this, small
perturbations occurring during the forecast
process tend to move more slowly than they
would in reality.

Spectral vs. Gridpoint Models.

Gridpoint modeis use U-V wind components to
represent the vector value of the wind at
each individual gridpoint. Wind is a vector
that includes both speed and direction.
Wind vectors can be resolved into eastward
(U) and northward (V) components.
Analysis and forecast models resolve wind
vectors into west-to-east (+UJ) and
south-to-north (+V) components.

Spectral models use sine and cosine functions
to represent weather slements such as wind
and temperature. These sine and cosine
functions go through changes in amplitude
during the forecast process. Because of this
special characteristic, spectral models do not
have the aliasing and phase speed problems
mentioned above.



Chapter 2

GRIDS

2.1 AFGWC Grids. For our purposes, the
only grid types discussed (unless otherwise
specified) are those in use at AFGWC,

2.2 Grids Basic to Models. The starting
point for any gridpoint-based model is the
grid. The atmosphere is relatively shallow
in the vertical, but broad horizontally. This
is why the number of gridpoints in the
horizontal is usually greater than the
number of gridpoints in the vertical. In the
horizontal, the gridpoints are equally
spaced. In the vertical, points are "stacked"
to represent those areas of the atmosphere
that are commonly analyzed or that are of
significance to the model (e.g., 850 mb, 700
mb, 500 mb). Grid spacings and vertical
stacking are chosen in such a way az to
simplify the calculations of the forecast
model and to provide outputs tailored for a
specific customer's use.

2.3 The Grid Described. A grid is a
group of regularly spaced points that
represent the intersection of regularly
spaced parallel and perpendicular lines--see
Figures 1 and 2. The standard and lowest
resolution grid used at AFGWC is the whole
mesh. Higher-resolution grids (or
finer-mesh grids) use whole-mesh gridpoints

as a starting point and have more gridpoints
in the horizontal. For example, the
half-mesh grid is simply a grid that
contains the whole mesh gridpoints and one
gridpoint between every whole mesh
gridpoint. Figure 3 is an example of the
relationship between whole-mesh,
half-mesh, and quarter-mesh gridpoints.

.

I i H i

Figure 1. An Example of a Grid. A grid is
simply an array of points located at the
intersections of uniformly spaced parallel
and perpendicular lines (from Hoke et al,,
1985).



Figure 2. An Exampie of a Grid

Superimposed on a Map. (From Hoke et al.,
19856).

24 Grid Resolution. Atmospheric
motions on a scale smaller than the grid in
use cannot be represented correctly because
wavelengths must be equal to or greater
thsn twice the distance between two
adjacent gridpoints. Also, a wave is
generally handled poorly if its wavelength is
less than four gridpoints wide. Since many
atmospheric events deal with motions
smaller than 1,600 km--the distance covered
by four successive whole-mesh
gridpoints--grids with finer resolution were
developed. These include the half-mesh,
quarter-mesh, eighth-mesh, and
sixty-fourth-mesh grids. As their names
imply, the distance between gridpoints on
the finer meshes is defined relative to the
whole-mesh.

o QYRTER-MESH POIKT
O wr-es popg

(O wosvesiromr

Figure 3. The Relationship Between
Whole-Mesh, Haif-Mesh, and Quarter-Mesh
Gridpoints, Note that each whole-mesh
point is a half-mesh and quarter-mesh point,
as well. Similarly, each half-mesh point is
also a quarter-mesh point (from Hoke et al,,
1985).

2.5 The Whole-Mesh Grid. Whole-mesh.
gridpoints are exactly 381 km apart at
60° N relative to the Earth's surface. This
means that, because of the Earth's
curvature, resolution decreases toward the
poles and increases toward the Equator. At
half-mesh, the gridpoints are 190.5 km
apart. Higher resolution grids have
successively smaller distances between
gridpoints. An example of the whole-mesh
grid is shown in Figure 4.
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gridpoint. I, and J, coordinates represent the whole-mesh grid scale. I; and J, represent the
half-mesh grid, and so on (from Hoke, et al,, 1985).




2.6 Hemispheric Data Displays. The
following are two examples of gridded
hemispheric date displays (CRT and paper
facsimiles):

® The first uses all whole-mesh-based
gridded data from the poles to the Equator.
Gridpeints beyond the Equator are ignored.

¢ The second is the octagon, shown in
Figure 5. An example of gridded data inx an
octagonal display is the Cloud-Free
information on AFGWC Horizontal Weather
Depiction (HWD) products. Data in this
display extends from the pole to the borders
of the octagon. All data beyond the
octagon's borders is ignored. Limitations of
gridded data displays are generally based on
computer processing capabilities and the
printing equipment available at the time the
model was designed.

2.7 Stationary Window Grids wuse
windows, or subsets of the whole-mesh grid,
to cover specific areas of the globe such as
the North American, European, and Asian
continents.

28 The Satellite Global Database
(SGDB) Grid. This 64th-mesh grid
contains 16,777,216 points in the Northern
Hemisphere. It is used in the SGDB display
on the Satellite Data Handling System
(SDHS), with a resolution of about 5 km.

2.9 Grid Types. There are three grid

types in use at AFGWC: polar
stereographic, Mercator, and latitude-
longttude.

Polar-stereographic (PST) Grids. The

Northern (or Southern) Hemispheric
Whole-mesh Reference Grid (sometimes
called the "Northern Hemispheric
Whole-Mesh Super Grid") is a 65 X 65 point
whole-mesh grid based on the PST map--see
Figure 5. The domain for all PST grids are
centered on the hemisphere (Northern or
Southern) and include the entire
hemisphere. The borders of the grids
partially extend into the opposite
hemisphere, but data in these overlap areas
are usually ignored. PST grids are available
in the half-, quarter-, eighth, and 64th-
mesh resolutions. They are used
extensively at AFGWC for various weather
support functions.

Mercator Grids. These grids cover an area
from 50° N to 50° S for tropical
meteorological needs. They are based on the
mercator map projection.

® The Conventional Tropical Grid is used for
conventional meteorological elements such
as temperature, height, and wind--see
Figure 6.

® The Satellite Globa! Database Tropical Grid is
used for procssing satellite imagery; see
Figure 7.




!

11L1111[1LL1}%IL:1111_I_I

|

lll.lllilll'lln
'lr'

Mlereelierady

— /" /

l

L, 1 2 "

1 1 &
A L}
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an example is shown in Figure
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8. Grid spacing on both is 2.5° x 2.5°. Both

contain 10,585 points.

at AFGWC

Global

Applications Database (GADB) grid and the

The
IONLIIVY

IHiwGNe!

ongltude Grids.
High Resolution Analysis System (HIRAS)

grid are the latitude-longitude grids in use

L

(9861 “T® 10 %ol wogy) ndyno s sai0s
SVYUIH YA uo puid oy st s1qy, ‘puo apnjibuo-epnine] sy jo sjdwex3y uy g ainbiy

Ll |

Set e gf BT BB BB B 41 $a T 3 K 4 6 6F SE W o« T 4% 88 3 uf
ol DU DONN PESY MpNg SeN Suny PORS Sk Y DRDY NS FREE ER FEEE N i
. ot R30S FE00 FURL SRS R DERE EREL 00 G008 cliss pae dg8 35—

. PG b = b DO SONS DG DI DI SIDS SN SIRDE Spe PIRE JPE- e

i iz SO SN BODS I W S oo quc.;.\.?..\.\yw.” PO o

i
oy &
PRap|
L3
g
?

a
E

e i
.11t

10

........

sorfe I bmy o
-Aﬁ Ll

- s
S
2y

Py By +
- N <
3 (1]
| T (8¢ K] ¥ FENE N [y SR
2iePren 13 3 o ..l.p et o o
o L o2, -+ 32 S0 Fri] 1108 BAv oee fagy i
i W b AN ) R KENR SR8 S FOXE g Ul Ay U STEN BNRE FIRE KRR 51 10 98X 5 UIEE I ENR FATE N
G OB Gkt Ow Oft OB G OM Ou OW Ofi Ow OF 02 ow O CE C8 0 o o¢ qe ot oF o eff
[TE1F PS)
ZCNLIONOND
- ¥
]




Chapter 3

THE AFGWC PRODUCTION CYCLE

3.1 The Advanced Weather Analysis
and Prediction System (AWAPS) was
installed at AFGWC in 1985, and formally
implemented in June 1986. It produces
nearly all of AFGWC's automated forecasts
except for clouds. AWAPS comprises four
models: the Global Spectral Model (GSM),
the First-Guess model, the High Resolution

HIRAS
{Data <
Assimiiation)

Anaslysis System (HIRAS) model, and the
Relocatable Window Model (RWM). Figure
9 shows how the GSM and HIRAS

processing cycles are linked to form part of
the AFGWC production cycle, a series of
forecasts, analyses, and reanalyses that runs
at 6-hour intervals.

06 HR FCST
Py

GSM < \
{0perational GSM 96 HR FOST N
Forecast) -1t —
GSM\ 96 HR FCST 2
\- - - -_— aad — — —
- -~ - T - T
oo 06 72

VALID TIME [2}

Figure 9. The HIRAS/GSM Relationship in the AWAPS Production Cycle (from Hoke et ai.,

1985).
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3.2 The AWAPS Cycle. Both the GSM
and First-Guess are updated every 6 hours;
although slightly different, they provide
similar product support. The HIRAS uses
the Firat-Guess data fields to produce the
best possgible initial analysis for the next
B6-hour cycle. The 0000Z cycle is shown
below as an example:

At 0100Z, the First-Guess is ready for
quality control (QC) by forecasters. "Bogus"
data (this will be explained in a later
chapter) can be input to alter the
First-Guess data fields and improve the
analysis.

At 0130Z, the HIRAS surface analysis is
run. It takes 10 minutes to run the surface
analysis on the CRAY/X-MP mainframe
computer. Satellite soundings are anchored
periodically using this or one of the next
three surface analyses. Satellite soundings
are built by adding thickness values to the
surface HIRAS 1,000 mb analysis field.

At 0230Z, the HIRAS surface analysis is run
for the second time, It is also used to
anchor the satellite soundings for the first
upper-air analysis.

At 0300Z, the HIRAS upper-air analysis is
run on the CRAY/XMP. It takes 20
minutes.

At 04002, the GSM is run out to 96 hours
using the HIRAS first upper-air analysis

for its initial conditions. It takes 1.6 hours
to run the model on the CRAY/X-MP.

At 0530Z, HIRAS does its third surface
analysis; it is again used to anchor satellite
sounding data.

At 06002, a second upper-air analysis is run.
0000Z data will continue to come in up to
this point; all the new data available is
essential for making the best possible 0000Z
analysis.

At 0630Z, the First-Guess model makes its
6-hour forecast using the second HIRAS
0000Z wupper-air analysis for its inital
conditions. It takes 30 minutes to run out
to 12 hours on the CRAY/X-MP. When
finished, the cycle begins again.

3.3 First-Guess Accuracy. In order to
have a more accurate First-Guess, the model
produces a forecast every 6 hours. This
forecast is then used by HIRAS. A 6-hour
cycle provides a higher quality analysis than
would a 12-hour cycle; the analysis is
updatsd more often and used for initializing
the next forecast run, which in tum
produces a better forecast.

3.4 The Relocatable Window Model
(RWM) is being developed for inclusion in
the AWAPS production cycle. It is designed
to make a high-quality and high-resolution
forecast anywhere in the world at any time.




Chapter 4

THE HIGH RESOLUTION ANALYSIS SYSTEM (HIRAS)

4.1 The HIRAS Model. HIRAS is an
analysis model used primarily to initialize
the forecast models. It is extremely
important. HIRAS deficiencies can
dramatically alter the outcome of the
forecast models.

4.2 HIRAS Input Data. HIRAS uses
observations from land stations, ships,
buoys, aircraft, radiosondes, and satellites
(see Figures 10-15 for typical global
distributions of the various observation
types). Although HIRAS applies most of the
data available to it to its internal grid, it
can't use all the data because of software
and hardware limitations. The output of the
First-Guess model is essential to the run of
the HIRAS model. HIRAS blends its own
data with the output from the First-Guess
model (a G-Liour forecast valid at the sume
time) to create the best possible analysis.

4.3 Optimum Interpolation (Ol). HIRAS
does its analysis using s technique called
"Optimmum Interpolation,” un analysis
technique used by most contemporary
analysis models. Our discussion of OI is
based on the version used by IIIRAS.
Basically, there are three things Ol
considers:

® The number of cbservations available
and the distance between them ond the
analysis grid point.

¢ The precision of the equipment used to
take the observations.

® The statistical accuracy of the

First-Guess fields.

b
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4.3.1 Observation/Gridpoint Distance. The use
of the mean distance between cbservations
is not unique to OI; it is found in nearly
every other numerical analysis scheme. In
very simple terms, the model assigns
weights to observations surrounding each
gridpoint. Each observation is allowed to
influence surrounding gridpoints by the
weight it carries; weights decrease
exponentially with distance. Observations
in the vertical are also assigned weights.
All the observations and their weights are
applied mathematically to the First-Guess
data at all gridpoints and atmospheric
levels to modify the First-Guess data as
needed.

4.3.2 Accuracy of the Observing Instrument.
The model is able t¢ distinguish between the
various observing instruments used. Each
instrument type is assigned a statistically
determined expected error. The lower the
expected error, the more weight the
observation carries. For example, a 500-mb
temperature from a radiosonde, which is
probakly more accurate than the 500-mb
temperature from a satellite sounding, is
assigned a higher weight.
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Figure 13. Typical Distribution of Satellite Temperature Profile Soundings at 1200Z (from

Dey, 1989).
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433 First-Guess Accuracy. HIRAS
produces a set of fields (called "error fields")
that indicate how accurate the analyses are
at all gridpoints. Essentially, the more
obgervations there are to influence given
gridpoints, the more accurate the resulting
analysis will be. Figure 16 (opposite) is an
example of a 250-mb height error field.
Note that error values are low cver data-rich
areas such as North America but high over
data-sparse areas such as the Indian Ocean.
In addition to indicating analysis accuracy,
error fields also indicate the accuracy of the
First-Guess.

To see how this works, let's consider two
areas, North America and the South Pacific.
Since there are a large number of
radiosonde stations there, the analysis over
North America is considered accurate. But
there are very few upper-air stations in the
South Pacific; although a satellite makes an
occasional pass, satellite data is not nearly
as reliable as radiosonde data. As a result,
initial conditions in the South Pacific are
usually poorly handled by the First-Guess
model and the First-Guess over the South
Pacific is not usually as accurate as over
North America.

Since there is this difference in First-Guess
accuracy from place to place, HIRAS Ol
gives more weight to the First-Guess data
when compared to any individual
observation in data-rich areas like North
America and more weight to individual
observations in data-sparse areas like the
South Pacific. The aggregate of
observations in data-rich areas, however,
usually carry more weight when applied to
an individual First-Guess gridpoint. The
obvious question is "Why doesn't the HIRAS
always place more emphasis on observations
from data-rich areas?"

Ol uses a combination of observations and
the First-Guess. The better the First-Guess
(and it usually is better in data-rich areas)
the less the weight given to individual
observations. Observations also contain
errors. A radiosonde, for example, might
have a 3° C temperature error. If the
First-Guess had an expected error of only 1°
C, it wouldn't make sense to use only the
RAOB. All the data available around any
given gridpoint is used unless the QC
function determines the data to be bad. Ol
determines how much each piece of data will
affect the final output for a given gridpoint.

Although it doesn't happen often, HIRAS
may not recognize dramatic changes in
atmospheric conditions quickly. The
First-Guess model has considerable weight
in data-rich areas. If the observations show
a dramatic difference and the First-Guess is
really wrong, only a portion of the difference
will be used to affect the outcome of the
analysis. In rare circumstances, it may take
a couple of forecast cycles for HIRAS to
recognize rapid changes.

4.4 The Two HIRAS Models. HIRAS is
really two different models: upper-air and
surface,

441 The Upper-Air Analysis extends from
1,000 to 10 mb and is used to initialize the
GSM. HIRAS directly analyzes only five
different fields: pgeopotential heights,
U-component wind (West-East),
V-componeni wind (Scuth-North),
temperature, and relative humidity. From
these five, HIRAS derives thirteen othor
fields. A number of otber fields not
produced by HIRAS (e.g., thickness and
vertical velocity) are produced on other
computer processors using the HIRAS
fields. Table 1 provides a list of all the
fields produced by HIRAS or derived by
HIRAS outputs.




TABLE 1. List of fields analyzed by or derived from the HIRAS upper-air model. Numerous Q
other fields are processed through algorithms on SDHS. The list includes the levely/layers

v in millibars for which the data are available.
N — )
FIELD Haight/Layer in Miliibars
directly ansiyzed
Relative Humidity sfc, 1000, 250, 700, 506, 400, 300 ’
Heights 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10
[ vempensture sk, 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10
U-Component winds sfc, 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10
V-Component wind sfc, 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10
FIELDS Helght/iayer in Millibars
detived
' | Temparature Advection 50
 Streamniine Functions 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, $0, 30, 20, 10
Specific Humidity sfc, 1000, 850, 700, 500, 400, 300
‘ ! Tropopause Haight .
| Tropopause Pressure .
’ Tropopause Temperature . ‘
| Sea Level Pressure sfc
| Dewpoint sfc, 1000, 850, 700, 500, 400, 300
R | Precipitable Water sfc-850, 850-700, 700-500, 500-400, 400-300, 300-100
| | Vorticity Advection 850, 500
Vorticity 450, 509, 300
i **Packed U-v Winds slc, 1000, 850, 700, 500, 400, 390, 250, 200, 150, 100, 70, 50, 30, 20, 10
**<Hours Since Land sfc (boundary layer)

Tropopause data varies with respect to its exact position.

R ** Packed U-V Winds - the individual U and V wind components contain too many bits of information and must be
i compacted for SDHS to use them.

*** Describes the amount of time 3 boundary layer parcel, currently over water, has spent over water.
. N
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° The upper-air analysis, which is displayed  resolution, has about a third as many
using a 2.5° x 2.5° latitude-longitude grid, is = gridpoints as the display grid. The upper-
actually run on the Kurihara grid (shown in  air analysis uses a spectral transformation
Figure 17) to save computer time. The  along with OI.
Kurihara grid, with a coarser (or lower)

Figure 17. The Kurihawa Grid. This is the internal grid used by HIRAS (from Stobie, 1986).




The first step in spectral transformation is
to take the First-Guess 30-wave spectral
coefficients, transform them into gridpoint
values, and place them on the coarser
HIRAS grid. When this is completed, the
model performs its Ol. When the OI is
completed, the model transforms its
gridpoint analysis into 40-wave spectral
coefficients. Although the analysis is done
using gridpoints, the conversion to spectral
coefficients allows each gridpoint to affect
the entire analysis. In other words, a
gridpoint temperature in Ohio could
influence a gridpoint temperature in the
Caspian Sea. This transformation also
allows for the final transformation back to
the 2.5° x 2.6° grid. Even though the
analysis appears in the database on a 2.5°
x 2.5° grid, the true analysis resolution is
that of the coarser Kurihara grid that was
shown in Figure 17.

Because of deficiencies in the First-Guess
model above 100 mb, HIRAS uses the
previous HIRAS analysis (6 hours old) for
its first-guess instead. The model forces the
winds above 100 mb to be geostrophic and
uses only borizontal OI above 100 mb--that
is, it doesn't look up or down to interpolate
data at higher or lower levels. As a result,
the analysis above 100 mb is two-, rather
than three-dimensional.

44.2 The HIRAS Surface Analysis derives
1,000 mb temperature and geopotential
height fields from the surface temperature
and pressure fields. It is used primarily to
anchor satellite sounding data, which
includes a great deal of information for the
different mandatory pressure levels, but
lacks the geopotential height of each
pressure level; therefore, the 1,000-mb
height fields from the HIRAS swurface
analysis are used to determine the height of
the 1,000-mb pressure level in the satellite
soundings. The rest of the pressure-level

geopotential heights can be determined from
this value.

The surface analysis is also an Ol analysis.
It differs from its upper-air counterpart
because it performs its analysis directly on
the 2.5° x 2.5° grid. It does not use spectral
transformation or internal grids. It uses the
Ol error fields to ensure grid data accuracy,
but observations are weighted more heavily
in the surface analysis than in the upper-air
analysis throughout the hemisphere.

4.5 Quality Control. Since observation
errors are routine, maenual and automated
quality control (QC) must be performed.
Bad observations must be corrected or
discarded in order to prevent the model from
providing a bad analysis. QC is
accomplished in two ways:

45.1 Manual QC is performed by AFGWC
forecasters, who delete, change, or create
observations bagsed on known information.
This forecaster-edited data is known sas
"bogus" data.

452 Automated QC. An automated QC
system is built into the model. The system
can recognize a bad observation (e.g., a 990-
mb sea-level pressure within a 1,046-mb
high) and discard that observation. There
are two steps to this process:

¢ Gross Checks. Observations are
compared to adjacent gridpoint data from
the First-Guess model output. If there is a
large enough disagreement, the observation
is discarded. If it just barely passes the
gross check, it is held over for the second, or
"buddy" check.

e Buddy Check. An observaticn that barely
passes the gross check is compared with
stations nearby; if the observation disagrees
significantly, it is thrown out.




Chapter 5

THE GL.OBAL SPECTRAL MODEL (GSM)

8.1 introduction, The GSM (AFGWC's
primary forecast model) was designed
primarily as an aviation model. There are
two GSM models in use at AFGWC; the
GSM proper and the First-Guess. The GSM
and the First Guess are run every 6 hours.
The GSM proper produces forecasts out to
96 hours and First-Guess out to 12 hours.
Although the GSM provides a wide variety
of forecast fields (see Tables 2 and 3), its
main purpose is to provide height, wind, and
temperature forecastz for aviation
customers. The First-Guess model differs
slightly from the GSM. The materisal in this
chapter includes the First-Guess forecast
model unless otherwise specified.

§.2 Spectral Forecasting. A true
spectral representation uses mathematical
combinations of sines and cosines to
represent patterns of meteorological fields.
That is, a spectral equation contains a series
of terms, each having either a sine or cosine
term as a factor. Because sines and cosines
look like waves, spectral representations are
often discussed in those terms; the GSM,
for example, is a 40-wave model, even
though it uses many more than 40 sine and
cosine terms. In fact, to represent a single
variable at just one atmospheric level, the
40-wave GSM needs 3,444 terms. This is
because the waves are two-dimensional--
each wave requires at least one sine and one
cosine term. For mathematical reasons,

the 40-wave model has 41 sines inone
dimension and 42 cosines in the other.
Basically, a spectral representation finds
the best mathematical terms using the sine
and cosine to describe the wave motion of
the observed atmosphere.

5.3 Resolution. As already mentioned,
the GSM is a 40.wave spectral model (the
First-Guess forecast model is 30-wave).
This means that the GSM can recognize 40
different trough-ridge combinations in an
east-west direction. Its application in the
north-south plane is much more difficult to
describe without the mathematics, but one
way to describe the approximate resolution
of the GSM is to think of the grid on which
the data is stored.

The grid is adapted to a 40-wave spectral
resolution and is used for some of the
internal calculations. Based on the grid, its
approximate resolution in the north-south
direction is 270 km; in the east-west
direction, 350 km. The smallest scale
feature that can be seen, then, is about 270
km long and 350 km wide. This is only
true for a surface low or an upper-level
trough; if the feature were a complete
wave (trough-ridge combination), the
smallest feature resolvable would be twice
that size. The resolution of the First-Guess
forecast model is slightly lower.




algorithms on SDHS. THe list includes the levelg/layers for which the data is available. All

TABLE 2. The Fields Produced by the First-Guess. Many other fields are processed through .
the fields listed are available for the 00-, 06-, and 12-hour forecast.

FIELDS Height/Layer in Millibars
directly forecast
o Relative Humidity sfc, 1000, 850, 700, 500, 300, 300
e Heights 1000, $50, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10
Temperature sfc, 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10
U-Component wind sfc, 1000, 850, 700, 500, 400, 300, 250, 200, 150, 108, 70, 50, 30, 20, 10
v-Component wind sfc, 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10
FIELDS Height/Layer in Millibars
derived
Temperature Advection 850, 500, 200
Specific Humnidity sfc, 1000, 830, 700, 500, 200, 300
Tropopause Height ’
$ea Level Pressure sfc
| Drwpoint sfc, 1000, 850, 700, 590, 400, 300
Q Varticity Advection 500 .
§ vorticity 830, 500, 300
| +*packed U-V Winds sfc, 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10
i ** Packed U-V Winds - the individual U and V wind components contain too many bits of information and must be
-“- L Sompucted for SDHS Lo use them.
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Temperature
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. TABLE 3, continued...
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TABLE 3, continued.....
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. Level in Precipitable Water (layers)
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Tropopause Pressure
Avallable from 00- to the 60-hour forecast in three hour increments, and for the 72-hour forecast,
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In the vertical, the GSM is a 12-layer model.
It uses a vertical coordinate scheme called
“sigma levels." The height of the sigma
coordinates vary with the terrain. Unlike
constant-pressure levels, sigma levels never
intarsect the ground. The levels are closer
together at about 250 mb. The highest GSM
vertical resolution is between 500 mb and
20 mb (see Figure 18) because the GSM is
an aviation model and most aircraft fly at
about 250 mb. There are only two levels
above 100 mb.

The GSM uses data fields from the HIRAS
model's 2.5° x 2.5° Iatitude-longitude grid for
ita initial conditions. The HIRAS data is
stored in the database on the GSM's 2.5° 